Age may have a different contribution to normal lung function values in those aged less than 25 years, as compared to older individuals. We report regression equations predicting ventilatory parameters in this age group, as none have been reported from Pakistan.
Introduction
Values of lung function derived from the 'normal' population are necessary for interpretation of results of lung function carried out on individuals suffering from or suspected to be suffering from respiratory disease. Population characteristics, such as ethnic origin, smoking habit, cohort effect and presence of diseased individuals, may influence such values. There is thus a need to perform welldesigned and conducted studies on a population group itself and then use such 'normal lung function' to interpret pulmonary function tests of individuals belonging to the same group. For calculation of normal lung function in Asians, the common practice is to apply correction factors to values derived from white Caucasian studies (l), the Papers received 18 August 1998 and accepted in revised form 20 April 1999.
Correspondence should be addressed to: Dr. S. N. Raza, North West Lung Research Centre, Wythenshawe Hospital, Southmoor Road, Manchester M23 9LT, U.K. Fax: 0161 291 2832, E-mail: saiyyid.raza@lineone.net 0954-6111/99/080546+06 $12*00/O most popular being the European community summary equations of reference values (these are derived from studies performed before 1980, and include smokers) (2). Asians belong to a large geographical area and investigations have revealed regional differences in lung function (3-5) thereby bringing into question the use of a single correction factor for all Asians. Information on predicted lung function values from Pakistan is scarce. Two studies of normal lung function were carried out in Pakistan a number of years ago and found predicted values to be lower than those derived from white Caucasians, although not always by as much as the correction factors (6,7). Mean lung function parameters have been shown to increase with time in the same population (8, 9) . Hence, equations of reference values should be updated periodically. Also, age may have a different contribution to regression equations for lung function in the below-25-years age group, as compared to individuals over 25 years old (8,1&12). To date, no investigation of lung function has been reported from Pakistan on the under-25-years age group. We present lung function findings from healthy, life-long non-smoking young adults from Pakistan in the age range of 18-24 years.
Methods

POPULATION
The study was conducted in the Department of Medicine, King Edward Medical College, Lahore. Lahore is a large city, situated 216m above sea level. Students of King Edward Medical College comprised the study population.
MEASUREMENTS
Each student was administered a modified Medical Research Council Questionnaire (13). This included questions on respiratory symptoms, smoking history, time off studies due to chest illness, history of allergies etc. Individuals were labelled as healthy if they reported no respiratory symptoms and had never smoked actively. The effect of passive smoking was not taken into account for this study. Their age, standing height (in cm without shoes) and weight (in kg without shoes, wearing indoor clothes) were recorded.
The spirometer used for the measurements (Medicor MS II, Budapest) conforms to the recommendations of the American Thoracic Society (ATS) (14). It is microprocessor-controlled and incorporates a heated Fleisch tube which provides accurate measurements at low air resistance. Parameters are body temperature saturated with water vapour and ambient barometric pressure (BTPS) corrected. The measuring limit and accuracy of volume and flow rate were within the limits prescribed by the ATS guidelines (14). Its volume limit was 10 1, measuring accuracy of volume rf: 0.05 1 or f 3%, flow range + 12 1 see-' and flow accuracy + 5.5 % or f 0.200 1 set-').
At the start of the study (and monthly thereafter), the spirometer was validated by the maintenance engineer to make sure that its accuracy conformed to the ATS guidelines (14). It was also calibrated with a precision syringe before each measurement session. The measurements obtained subsequently were adjusted accordingly. However, the results of calibration changed little from day to day. The necessary cleaning and maintenance of the instrument were carried out on regular basis, according to the recommendations of the manufacturer.
The same investigator (M.A.N.), carried out the measurements (over 4 months) throughout the study between 0900 and 1200 hours. Measurements were taken in the standing position. Nose clips were not used as a number of our subjects were either not comfortable or were unable to perform a satisfactory forced expiratory manoeuvre while wearing a nose clip. As the wearing of a nose clip is not mandatory, and because our subjects were able to perform this manoeuvre satisfactorily (14) without a nose clip, we carried out the measurements without it.
The environmental conditions during the measurements were: temperature 20-34°C humidity 4470% and atmospheric pressure 982-995 mbar (9.8-9.9 kPa). These are well within the operating range of the spirometer: temperature l(r35"C, relative humidity 40-99% and atmospheric pressure 98&1120 mbar (9.8-11.2 kPa). Acceptability of the forced expiratory manoeuvre was determined by the ATS guidelines (14), i.e. satisfactory start/end of test and a minimum exhalation time of 6 sec. A minimum of three forced expiratory manoeuvres, with forced expiratory volume in 1 set with (FEVJ and forced vital capacity (FVC) within 5% or 0.100 1 of each other (whichever greater) were obtained for each individual. In practice, this meant having to ask most subjects to perform more than three manoeuvres (to a maximum of eight). The largest values of FEVt, FVC, peak expiratory flow (PEF) and forced expiratory flow at 50% of FVC (FEFsa) were recorded, even if they were not from the same manoeuvre.
STATISTICAL ANALYSIS
Data were analysed with the statistical programme for social sciences (SPSS). Data input errors were checked at each stage. The distributions of age, height, weight and body mass index (kg me2) were examined for skewness and kurtosis to determine whether it was necessary to transform them before undertaking regression analysis. All four parameters of lung function were plotted against age and height to check for linearity. Age was also plotted against lung function in the age bands 18-20 years and 21-24 years in both men and women. Transformations of the data were carried out to determine whether the correlation coefficients improved. Multiple regression analysis was carried out for each of the four lung function parameters using forward, backward and stepwise methods. The equations were examined for goodness of fit and the best equation chosen for each lung function parameter. Transformations (square and log) were explored to produce better fits with the regression line. The criterion of significance for including an independent variable in a regression equation was PI 0.05. The value of any dependent variable was predicted by: y = a + bxi + bx2 . . . . . bx, where y is the dependent variable, a is the constant (intercept), b is the regression coefficient and xi . . . .xX are the independent variables.
Results
Thirteen individuals were unable to perform a satisfactory forced expiratory monoeuvre. Five hundred and nineteen individuals (45.9% men, 54.1% women) participated in the final assessment of lung function. Raw values of anthropometry and lung function are given in Table 1 . The same parameters are listed by age in Table 2 . All four lung function variables had a significant positive correlation with height (Table 3 ). The value of correlation coefficient was lower for PEF and FEF5a as there was a greater scatter of data. The correlation with age was not significant, except for FEF,, (significant negative correlation, Table 3 ). Hence, lung function data plotting vs. age was then carried out in two age bands (18-20 and 21-24 years) in both men and women (Table 4) . Only PEF (in men aged 18-20 years) and FEFsa (in women aged 18-20 and men aged 21-24 years), featured as the independent predictor in all equations. The contribution of age as an independent predictor was variable (Table 5 ). The negative correlation of age with lung function in men of both age groups (Table 4) is not reflected in the regression equations. As a matter of fact, age emerges as the independent positive predictor of FVC and PEF in men (Table 5 ). In women, age is an independent negative predictor of FEVi and FEFSO. Transformation of independent variables did not affect the goodness of fit of the derived models. In order to study the effect of age, regression was also carried out in two age bands (18-20 and 21-24 years). The prediction equations so derived are presented in Table 6 . Age contributes as an independent variable only to FEFss (as the only predictor in men 21-24 years and with height for women aged 18-20 years). Although the contribution of age as an independent predictor was reduced in these equations, so was the goodness of fit. Table 7 shows values predicted by the present study for men and women of known age and height and comparison with values obtained from other equations.
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Discussion
This study, on a large number of medical students, shows that most of the participants (519 of 532,97*5%) were able to perform the forced expiratory manoeuvre satisfactorily. The study population included individuals from a range of socioeconomic categories. Age and height were the independent predictors of lung function values. Weight and body mass index were removed from the regression models for all lung function parameters. Height featured in all the regression equations. For men (analysed as one group), age was a predictor for only FVC and PEF. In women it emerged as a predictor for only FEVi and FEFSO. It is believed that white Caucasian girls undergo their adolescent growth spurt earlier than boys (15). Rahman et al., in a study of normal lung function from Bangladesh (lo), pointed out that peak growth in girls occurred around the age of 12 years and 2 years later in boys. Williams et al. (6) , during an investigation of healthy men and women from Lahore, Pakistan, observed that teenagers had lower lung function values than young adults. They described a linear negative relationship of FEVi and FVC with age from about the age of 25 years. If Pakistani boys and girls have similar growth patterns, the contribution of age to the regression equations seen in the present study becomes easier to understand. In the young girls, in whom growth was completed earlier, a decline sets in early, although why it is only for FEVi/FEFss, and not for FVC/PEF, is not clear. In boys, age still exerts a positive predictive effect on PEF/FVC but not on FEVi and FEFso (the latter two may be in the plateau phase, before a decline sets in). Another explanation is that, due to the effect of early small airway closure in immature lung, an artefactually low FVC is recorded. The FVC then appears to increase with age and, hence, increased maturity of lungs. Brandli et al. (16) reported an increase in both FEVi and FVC in men up to the age of 25 years, after which a decline was noted. We saw this effect only for FVC and not FEVi. In women, they reported a decline in mean FEVi and FVC at an earlier age (more marked for FEVi than FVC). The same relationship was seen during derivation of European summary equations (2). Our findings are consistent with these observations. Roberts et al. (17) , on the other hand, showed that the linearity of decline in spirometric variables with age remained the same if an age of 18 years rather than 25 or 30 years was taken as the starting point. Crapo et al. (18) reported a similar relationship of spirometry values with age. Vijayan et al. (5) from South India, described an increase in mean lung function with age up to 25 years, a plateau between 25 and 35 years and then a decline. However, in their regression models, age did not contribute to equations predicting either FEVi or FVC in men. Thus, (Table 6) practically eliminated age as an independent predictor. However, goodness of fit was reduced, hence these equations were not used for computation of lung function parameters for comparison with other studies (Table 7) . The spirometry values predicted by the equations derived from the present investigation are very similar to those reported by Williams et al. (6) and Ayub et al. (7) 
